Dried green tea leaves, fortified with more than 190 multi-class pesticides, were analyzed by the newly modified Luke multiresidue method. This consists of acetone-acetonitrile extraction, dichloromethane partition and florisil cartridge purification, eluting with n-hexane-dichloromethane-acetonitrile (50:45:5), which was optimized in this study. The final sample, in n-hexane, was analyzed by GC-ECD and/or NPD. Of the 194 pesticides tested, 147 pesticides were recovered with more than 70% from dried green tea leaves. Eighteen pesticides were not recovered at all with this method.
In the Korea Food Code, tea means the dried product made from the buds and/or leaves of Camellia sinensis (Theaceae). There are green tea, oolong tea and black tea, which are non-fermented, semifermented and fermented tea, respectively. Green tea is either steamed or baked immediately after being plucked. Archeological evidence suggests that people consumed tea leaves steeped in boiling water as long as 500,000 years ago. Today, hundreds of millions of people drink tea around the world, and reports are now suggesting that green tea (C. sinensis), in particular, has many health benefits [1] . However, since its earliest planting, tea has been devoured by pests and also been affected by disease, with crop losses from 14 to 50%, in extreme cases [2] . In recent years, there has been an increase in reports of pesticide residues in tea. The most widely cited example was a consignment of Darjeeling Gold brand tea from the market leader, Teekanne, which was found by the Institute for Environmental Analysis to contain residues of the insecticide tetradifon at levels as high as 240 μg/kg of tea [3] . The French targeted surveillance program also recently showed that the authorized maximum residue content in green tea samples was exceeded in 17 out of 29 samples, the contamination being mainly due to fenvalerate, dicofol and cypermethrin residues [4] .
To determine the multiple pesticide residues from complex food matrices, all target pesticides should be tested on each matrix due to the various different matrix components of each food sample. Matrix components, which are unavoidably present in analyzed samples, even after a thorough clean-up step, may be responsible for miscellaneous adverse affects impairing different stages of the gas chromatographic (GC) determination step [5] . The multiresidue procedure of Luke et al. for the determination of pesticides in fresh fruit and vegetables involves using a minimal sample cleanup and GC analysis using element selective detectors [6] . The advantages of this approach are increased analytical efficiency by decreasing the time for sample workup and increased recoverability for practically all classes of organic pesticide chemicals [7] . Formerly, Hong et al. reported an improved multiresidue analytical method of pesticides for lettuce, Chinese cabbage and green pepper, which was based on Luke's method [8] . This method adopted the florisil cartridge solid-phase extraction Oh (SPE) column for the purification. According to some tea analysts' unpublished report, the dried tea matrix coagulates with acetonitrile, which is the extraction solvent of the pesticide multiresidual analysis method (MRM) No. 83 from the Korean Food Code, which is used by the Korea Food and Drug Administration [9] . In this study, the modified Luke method was applied to dried green tea after optimization of the key purification step. A total of 194 pesticides were tested with the dried green tea matrix.
Recovery test mixture: Preliminary recovery of pesticides from lettuce, Chinese cabbage, perilla leaf, green tea and potato samples was tried using the method of Hong et al. [8] . A total of 18 pesticides showed low recovery rates (under 50%) for all five commodities. Therefore, they were selected as members of the recovery test mixture to improve the recovery rate from green tea. All these pesticides were analyzed by GC-NPD.
Optimization of SPE purification step:
The elution solvent composition for florisil SPE was optimized. Three solvents, n-hexane, dichloromethane and acetonitrile were mixed at six different concentrations and applied to the florisil cartridge after loading the green tea extracts spiked with the recovery test pesticide mixture ( Table 1 ). The whole procedure was as follows: green tea (20 g) was soaked with 50 mL of distilled water for 3 hours before adding 100 mL of the extraction solvent [acetone-acetonitrile (9:1)]. Internal standards (each 1 μg) were added before adding the extraction solvents. Extraction was performed for 5 minutes with an Omni mixer and the extract was filtered. After evaporation of the extract to 70 mL using a vacuum evaporator, 100 mL of distilled water with 50 mL of sodium chloride saturated distilled water were added and mixed with dichloromethane (70 mL × 2 times) in a separation funnel. After shaking, the separated lower layer was collected and dried with anhydrous magnesium sulfate. The dried solution was concentrated to 4 mL before the SPE purification step. A florisil SPE cartridge (1 g) was washed with n-hexane (5 mL) and 20% acetone in n-hexane (5 mL), consecutively. Then the 4 mL aliquot was loaded on to the cartridge and held for 2 minutes by closing the Luer-lock fitting connector. The loaded pesticides were eluted with mixtures of n-hexanedichloromethane-acetonitrile (Table 1 ). The eluent was concentrated in a gentle stream of nitrogen at 40°C just before dryness. The residue was then dissolved in n-hexane (2 mL) before GC-µECD and NPD analyses. 
Evaluation of the optimized method for green tea:
Each 200 μL of pesticide mixture solution (each pesticide 20 μg in 1 mL of acetone) was added to ground green tea and prepared by the above method with n-hexane-dichloromethane-acetonitrile (50:45:5, v/v). The sample preparations were performed in triplicate and the results were averaged. Moistening the dried green tea sample was required before the preparation method was applied. A large amount of water (50 mL) was needed to soak the 20 g of dried green tea, then it was unavoidable that the extract had to be reduced to almost half its volume by vacuum evaporation before the next partition step.
As shown in Table 2 , n-hexane-dichloromethaneacetonitrile (50:45:5, v/v, C) gave the highest averaged recovery rate in comparison to the other elution solvent systems. Among the 18 tested pesticides, seven, including acephate, bitertanol and trichlorfon, were not recovered at all by elution with solvent system C. The log P values for them varied from -0.89 (acephate) to 4.4 (bitertanol).
A total of 147 pesticides showed recovery rates of over 70%, whereas another 19 pesticides were in the recovery range from 45 to 69%. Among the others, 10 pesticides showed low recoveries from 1 to 45%, and the other 18 pesticides were not recovered at all. Some compounds, such as dimethenamid, diphenamid, hexaconazole, and metobromuron, were recovered very well from green tea compared to potatoes and carrots. On the other hand, dichlorvos, fosthiazate and triadimefon gave low recoveries from green tea compared to potatoes and carrots [10] . Among the 18 pesticides not recovered at all, azole, organophosphorus, 2,6-dinitroaniline and phenylamid compounds were represented by 7, 5, 2 and 2 pesticides, respectively. Azoles, which is a class of five-membered nitrogen heterocyclic ring compounds, showed relatively low recoveries in another study too [8] . The high recovery rate of over 110% of metobromuron, azinphos-methyl, zeta(ζ)cypermethrin, chlorfenvinphos, phosmet and mecarbam might be due to a matrix enhancement effect by blocking of active sites on the injector liner by matrix components, thereby increasing the signal in the presence of matrix, as opposed to standards in solvent in which the pesticides themselves interact with the active sites [11] . These pesticides showed normal recoveries in potatoes and carrots, except for chlorfenvinphos and phosmet in carrots. Therefore, these compounds are better quantified by the standard addition method to compensate for the over estimated concentration in green tea. Among the 25 pesticides having Korean MRL for green tea, amitraz, bifenthrin, buprofezin, chlorfenapyr, chlorpyrifos, cyhalothrin, fenitrothion, methidathion, pyraclofos, tebuconazole and tebufenpyrad showed good recoveries (over 70%). However, flufenoxuron showed 45.1% and three pesticides (bitertanol,
